Background Recent studies have suggested that a restrictive pattern assessed with a single spirometric test is associated with increased morbidity and mortality. This study was undertaken to determine demographic, clinical and mortality profiles of subjects with either a recurrent or an inconsistent restrictive spirometric pattern assessed prospectively. Methods Data from 2048 adult participants in the population-based TESAOD study were analysed. Normal (forced expiratory volume in 1 s/forced vital capacity (FEV 1 /FVC) ratio $70% and FVC $80% predicted), restrictive (FEV 1 /FVC $70% and FVC <80% predicted) and obstructive (FEV 1 /FVC <70%) patterns were assessed at the enrolment survey in 1972 and in 11 subsequent follow-up surveys up to 1996. Demographic and clinical characteristics were measured at enrolment and vital status and cause of death were assessed at January 2005. Results Overall, 12% of participants had a restrictive spirometric pattern at enrolment. They were less likely to be male, to smoke and to have asthma, and had lower IgE levels than subjects in the obstructive group. Among subjects with a restrictive pattern at enrolment, 38% developed an obstructive pattern during follow-up. The remaining 62% had either a recurrent (restrictive pattern $50% of follow-up surveys) or inconsistent (restrictive pattern <50% of follow-up surveys) longitudinal restrictive pattern. The recurrent and inconsistent restrictive groups had increased mortality risk for allcause (adjusted HR 1.7 (95% CI 1.3 to 2.3) and 1.9 (95% CI 1.4 to 2.6), respectively), heart disease (2.0 (95% CI 1.3 to 3.1) and 2.7 (95% CI 1.7 to 4.3)), stroke (2.4 (95% CI 0.9 to 6.3) and 3.5 (95% CI 1.2 to 9.8)) and diabetes (8.0 (95% CI 2.9 to 21.8) and 6.0 (95% CI 1.9 to 19.2)). Conclusions The restrictive spirometric pattern identifies a pulmonary condition that is distinguishable from obstructive lung disease and is associated with an increased risk of life-threatening comorbidities.
INTRODUCTION
A reduction in the forced expiratory volume in 1 s (FEV 1 ) has been associated with respiratory symptoms, functional limitation and mortality risk. 1 2 These findings are partly explained by morbidity and mortality associated with obstructive lung diseases, particularly chronic obstructive pulmonary disease (COPD). COPD, which is defined functionally by a post-bronchodilator ratio between FEV 1 and forced vital capacity (FVC) <70%, 3 is one of the leading causes of mortality and quality-adjusted life years lost in the USA as well as worldwide. 4 5 At the population level, however, a significant proportion of subjects with reduced FEV 1 levels also have reduced FVC and a normal FEV 1 /FVC ratio. Thus, COPD is not the only explanation for the excess mortality in individuals with low FEV 1 . Indeed, a strong link between low FVC and mortality risk has long been known, 6 and recent evidence suggests that a restrictive spirometric pattern is relatively common and accounts for an important portion of morbidity and mortality related to lung function impairment. Epidemiological studies have found that, in the general population, between 7% and 13% of adults have FVC values <80% of expected for their sex, age and height in the presence of an FEV 1 /FVC ratio $70%, 7e10 and that these individuals are at increased risk for all-cause and cardiovascular mortality. 8 9 This restrictive spirometric pattern is also associated with significant functional impairment 7 and various comorbid conditions, including diabetes, 11 12 metabolic syndrome, 13 14 hypertension, 12 15 stroke 15 and cardiovascular disease. 16 Although some of the above studies assessed the relation of lung function to morbidity and mortality prospectively, they used a single spirometric test at enrolment to measure lung function. Low FVC values assessed by spirometry can also be found in a proportion of normal subjects who complete spirometry using submaximal inspiratory efforts and in subjects with air trapping associated with obstructive lung diseases such as asthma and COPD. Although assessment of total lung capacity by plethysmography is the only conclusive test to differentiate truly restricted subjects from misclassified obstructed and normal individuals, this testdunlike spirometrydis time-consuming, costly and needs to be completed in a specialised setting, precluding its potential use in screening programmes on large populations. It is reasonable to hypothesise that a longitudinal follow-up based on serial spirometric tests on the same subjects, as opposed to a single spirometric assessment, may help distinguish cases with a true restrictive spirometric pattern from those in which the restrictive pattern is a manifestation of an underlying airway obstruction. However, no previous study has attempted to characterise prospectively the restrictive spirometric pattern and to evaluate the specific morbidity and mortality burden associated with such longitudinal patterns.
In a large population-based prospective cohort we sought to determine demographic, clinical and mortality profiles associated with recurrent and inconsistent restrictive longitudinal patterns and to compare them to those of obstructive longitudinal patterns.
< Supplementary data are published online only. To view these files please visit the journal online (http://thorax.bmj. com).
METHODS

Study population
The Tucson Epidemiological Study of Airway Obstructive Disease (TESAOD) is a population-based prospective cohort study initiated in Tucson, Arizona, USA in 1972. Details of the enrolment process have been previously reported. 17 Briefly, using a multistage stratified cluster sample of Anglo-white Tucson households (based on the 1970 census block statistics), 2989 households were originally approached, of which 559 (18.7%) refused to participate, 350 (11.7%) were ineligible, 329 (11%) were vacant dwelling units and 96 (3.2%) were classified as permanently not at home. A total of 1655 households finally participated in the enrolment survey (survey 1, completed in 1972e3). At enrolment, 2754 white participants (age range 6e95 years) from these households completed both a standardised respiratory questionnaire and spirometric lung function tests with a pneumotachygraphic device according to methods previously described. 18 Twelve additional follow-up surveys were completed approximately every 2 years up to 1996, in which participants completed the same standardised questionnaire and (with the only exception of survey 4) spirometric lung function tests. To reduce the loss to follow-up of participants who moved out of Tucson during the study, the study nurses travelled to various states in the USA to perform lung function tests and collect questionnaire data from many of these participants.
For the present study, we used data from 2048 participants who were aged 21e80 years, did not report having ever had lung/chest surgery, were not pregnant and completed acceptable lung function tests at enrolment.
Baseline and longitudinal spirometric patterns and covariates
Baseline spirometric patterns at enrolment were defined as normal (FEV 1 /FVC $70% and FVC $80% predicted), restrictive (FEV 1 /FVC $70% and FVC <80% predicted) or obstructive (FEV 1 /FVC <70% independent of FVC values) using reference equations generated in the same population by Knudson and colleagues. 19 In addition, among subjects who had at least one follow-up survey, the following six longitudinal groups were generated based on the combination of spirometric patterns at enrolment and follow-up surveys: < Consistent normal (normal pattern at enrolment and in all completed follow-up surveys). < Recurrent restrictive (restrictive pattern at enrolment and in at least 50% of the follow-up surveys, plus never obstructive pattern). < Inconsistent restrictive (restrictive pattern at enrolment and in <50% of the follow-up surveys, plus never obstructive pattern). < Recurrent obstructive (obstructive pattern at enrolment and in at least 50% of the follow-up surveys, plus never restrictive pattern). < Inconsistent obstructive (obstructive pattern at enrolment and in <50% of the follow-up surveys, plus never restrictive pattern). < Mixed restrictive/obstructive (restrictive pattern at enrolment and obstructive pattern in at least one of the follow-up surveys; or obstructive pattern at enrolment and restrictive pattern in at least one of the follow-up surveys). Two additional longitudinal spirometric patterns (Incident restrictive: normal pattern at enrolment and development of a restrictive pattern during the follow-up; and Incident obstructive: normal pattern at enrolment and development of an obstructive pattern during the follow-up) were also identified but, because of the specific goals of the present study, they were not included in the main analyses. The results from these two incident groups are presented in the online supplement.
At enrolment, in addition to an in-depth standardised respiratory questionnaire and lung function tests, height and weight were measured by research nurses and skin prick tests and blood eosinophil counts performed (see online supplement). Obesity was defined as a body mass index (BMI) $30 kg/m 2 and being overweight as a BMI $25 and <30 kg/m 2 . Positive skin prick tests were defined as a weal $2 mm larger than the control weal for at least one of five tested allergens and eosinophilia as eosinophils >4%. Measurement of total serum IgE was also completed using the paper radioimmunosorbent test (PRIST; Pharmacia Diagnostics, Piscataway, New Jersey, USA) method. 20 
Assessment of mortality
Vital status of TESAOD participants at January 2005 was determined by direct contact with the family or designated next of kin of the participant, linkage with the Social Security Death Index 21 anddfor deaths that occurred after 1978dlinkage with the National Death Index (NDI). 22 Underlying causes of death were obtained from NDI records for deaths that occurred after 1978 and directly from death certificates for deaths that occurred earlier (see table E1 in online supplement).
Statistical analyses
Because spirometric patterns differed substantially by age, demographic and clinical characteristics were compared across different spirometric patterns using linear and logistic regression models adjusted by age. IgE values were log-transformed to achieve normalisation.
The relation of longitudinal spirometric patterns to all-cause and cause-specific mortality was investigated in sex-, age-and BMI-adjusted Cox proportional hazards models. Time to event was defined as the time between enrolment and the date of death for deceased participants and as the time between enrolment and January 2005 for alive subjects. In analyses for specific causes of death, cases were represented by participants who had that specific disease as the underlying cause of death. However, because only 10 subjects had diabetes identified as the underlying cause of death, in Cox models for diabetes mortality events were defined as cases with diabetes indicated as either underlying cause of death or co-existing condition on the death certificate.
RESULTS
Comparison of participants included and excluded from the present study
At the enrolment survey, 2408 TESAOD participants were aged 21e80 years and did not report being pregnant or having ever had lung or chest surgery. Of these, 2048 (85%) completed lung function tests and were included in the present study. Participants included in the present study did not differ from those excluded in terms of age, sex, BMI, education, smoking or skin test positivity. The only significant difference between the two groups was that subjects included in the present study were more likely to have physician-confirmed asthma than subjects excluded from the study (11.1% vs 7.5%, respectively; p¼0.04).
Demographic and clinical characteristics at enrolment (1972e3)
At enrolment, of the 2048 subjects included in the present study, 1505 (74%) had normal lung function, 249 (12%) had a spirometric restrictive pattern and 294 (14%) had an obstructive pattern. The three groups differed substantially by age distribution (p<0.001). In order to reduce the impact of age differences across the three groups, demographic and clinical characteristics are compared in table 1 after adjustment for age. The restrictive pattern was associated with obesity and asthma. However, fewer than 14% of subjects with the restrictive pattern were obese and no differences in the proportion of overweight subjects were found among the restrictive (35%), normal (34%) and obstructive (34%) pattern. Overall, 14% of subjects with the restrictive pattern had a physician-confirmed diagnosis of asthma compared with 8% of subjects in the normal pattern. However, these two patterns did not differ in terms of skin prick tests, eosinophilia or IgE levels. In contrast, subjects with the obstructive pattern were more likely to be males and smokers and to have asthma, eosinophilia and elevated IgE than subjects with normal lung function. Overall, 70% of subjects with the obstructive pattern were heavy smokers ($ 20 packyears) and/or had asthma compared with 42% of subjects with the restrictive pattern and 30% of subjects with normal lung function.
Both the restrictive and the obstructive pattern were associated with chronic bronchitis, shortness of breath with wheezing, dyspnoea and a positive history of pneumonia compared with the normal pattern (table 1), although the majority of these associations were stronger among subjects with the obstructive pattern than in those with the restrictive pattern. The latter group, however, tended to have higher rates of heart disease, stroke and diabetes.
Longitudinal spirometric patterns (1972e96)
Among the 2048 subjects included in this study, 24 (1%) died before the first follow-up survey (10 subjects in the normal group, 5 in the restrictive pattern group and 9 in the obstructive spirometric pattern group). Among the remaining 2024 subjects, 1798 (89%) had follow-up data, with an average of 12.2 years of follow-up and an average of 6.3 lung function tests completed during the study. Of these, 126 subjects had an incident restrictive pattern and 304 had an incident obstructive pattern. The findings on these groups are presented in tables E2 and E3 in the online supplement. The remaining 1368 participants were divided into the six longitudinal spirometric patterns shown in table 2. Of note, among the 211 subjects with spirometric restriction at enrolment and available follow-up data, 69 (33%) had a recurrent restrictive pattern, 62 (29%) an inconsistent restrictive pattern and 80 (38%) developed airflow limitation during the study follow-up and accounted for the majority of subjects included in the mixed restrictive/obstructive pattern group.
The demographic and clinical characteristics at enrolment of the subjects in the six longitudinal spirometric patterns are shown in table 2. Compared with the recurrent obstructive group, subjects in the recurrent restrictive group appeared more likely to be female and obese and less likely to smoke and to have asthma, eosinophilia and elevated IgE. The characteristics of subjects with the recurrent and inconsistent restrictive patterns were very similar, with the former differing from the latter only in terms of older age and lower FVC percentage predicted at baseline (68% vs 75%, p<0.001; data not shown).
All-cause and cause-specific mortality associated with longitudinal patterns (1972e2005)
After adjusting for sex, age and BMI, subjects with the recurrent restrictive pattern had a 70% increased mortality risk (range 30e130%) and subjects with the inconsistent restrictive pattern had a 90% increased mortality risk (range 40e160%) compared with subjects who had consistently normal lung function during the study follow-up (table 3) . Among the corresponding obstructive longitudinal patterns, only the recurrent obstructive group was associated with an increased all-cause mortality risk, whereas subjects with inconsistent obstructive pattern were not at increased risk for mortality. The mixed pattern was also associated with a significant adjusted HR for all-cause mortality of 1.4 (95% CI 1.1 to 1.8). In figure 1 , survival curves adjusted for sex, age and BMI are shown for the six longitudinal spirometric patterns. Unadjusted survival curves are shown in figure E1 in the online supplement. Because subjects had to complete at least one follow-up survey to be eligible for longitudinal analyses, sensitivity analyses were completed after defining survey 2 as the first time point in survival models. The results were unchanged. Similarly, when all-cause mortality risks were compared across the three cross-sectional spirometric patterns at enrolment, both the restrictive and the obstructive spirometric patterns at enrolment were associated with sex-, age-and BMIadjusted increased mortality risk compared with subjects with normal lung function (adjusted HR 1.4 (95% CI 1.2 to 1.7) and 1.9 (95% CI 1.6 to 2.2), respectively).
Profiles of specific causes of death differed substantially across longitudinal spirometric groups. Subjects with the recurrent obstructive pattern were at increased risk of dying of heart disease, lung cancer, COPD, stroke and diabetes. In particular, as expected, their risk of dying from COPD was very high (adjusted HR 38.0 (95% CI 15.6 to 92.6). The risk of dying from COPD was also significantly increased among subjects with the mixed longitudinal pattern, but not among subjects with either the recurrent or inconsistent restrictive pattern. Subjects in either the recurrent or inconsistent restrictive pattern groups had the highest risk for dying of heart disease and diabetes.
DISCUSSION
In this study of the long-term population-based TESAOD cohort we found that (1) 12% of the population had a restrictive spirometric pattern at enrolment; (2) this restrictive spirometric pattern was associated with respiratory symptoms but not with smoking, serum IgE, allergy skin tests or eosinophilia; (3) in longitudinal analyses, 38% of subjects with the restrictive pattern at enrolment developed airway obstruction during the follow-up; (4) the remaining 62% had either a recurrent or inconsistent chronic restrictive spirometric pattern and were at significantly increased risk of dying from all causes, including a high risk of dying from heart disease and dying from or with diabetes.
Our finding that 12% of the TESAOD cohort had a restrictive spirometric pattern at the baseline survey is comparable with cross-sectional data reported by Mannino and colleagues from the NHANES I (9%), 8 the Cardiovascular Health Study (10%) 10 and the ARIC (13%) 9 adult cohorts. However, when the TESAOD subjects were re-evaluated during the follow-up, only one-third of them showed a recurrent restrictive pattern while 29% had an inconsistent restrictive pattern and 38% developed an obstructive pattern. The latter group was associated with both a positive smoking history and an asthma diagnosis at enrolment (data not shown).
These findings suggest that, although in about one-third of cases a restrictive pattern on a single spirometric test may convert into an obstructive pattern over time, in the majority of cases the restrictive spirometric pattern is not due to an underlying obstructive lung disease. Consistent with this scenario, subjects in the restrictive group had smoking rates comparable Mean6SD total follow-up (years)
N¼1368 unless otherwise specified.
No statistical pair comparisons were completed because of the number of groups. *p Value for the comparison across the six groups after adjustment for age. Table 3 Sex-, age-and BMI-adjusted mortality hazard ratios and corresponding 95% CIs associated with the six longitudinal spirometric patterns to those of participants in the normal group and significantly lower than those of subjects in the obstructive group, indicating that they did not have a form of cigarette-related COPD. They also had less asthma and lower IgE levels than did subjects in the obstructive group, which also argues against a link between the restrictive spirometric pattern and latent airway obstruction. Indeed, although subjects who had a restrictive pattern at enrolment had more diagnoses of asthma than subjects in the normal group, this association was mainly due to subjects who developed a subsequent obstructive pattern since only 8% of subjects with either a recurrent or inconsistent longitudinal restrictive pattern had a physician-confirmed diagnosis of asthma at enrolment (compared with 6.4% of subjects in the consistent normal group and 33.5% of subjects with a recurrent obstructive pattern).
Factors that are causally linked to spirometric restriction remain largely unknown. Obesity and heart failure are potential common causes of spirometric restriction. 23 24 However, obesity is unlikely to play a major role in our study because <15% of subjects with the restrictive spirometric pattern were obese at enrolment and overweight rates were largely comparable across subjects with the restrictive, obstructive and normal patterns. Data on heart failure were not available in our study, but heart disease was reported at enrolment by 26% of subjects in the restrictive group, only a minority of whom presumably suffered from heart failure.
In our study, both the recurrent and the inconsistent restrictive spirometric patterns were strongly associated with all-cause mortality. In addition, subjects in either the recurrent or inconsistent restrictive pattern groups had particularly high risks for dying of heart disease and diabetes. These findings suggest that spirometric restriction accounts for a substantial proportion of the association between lung function impairment and these comorbidities, although the nature of these links remains to be determined. The reasons why subjects with an inconsistent restrictive pattern had a mortality risk largely comparable to that of subjects with a recurrent restrictive pattern, despite the greater lung function impairment of the latter, also remain to be determined. However, it is noteworthy that the recurrent and inconsistent restrictive groups included a similar number of subjects, whereas the recurrent to inconsistent obstructive pattern ratio was almost 3:1, suggesting that spirometric restriction may be more likely than obstruction to resolve and relapse inconsistently over time. Taken together, these observations indicate the importance of an early identification of subjects who present with a restrictive spirometric pattern, a phenotype whose sequelae are frequently underestimated in the clinical setting.
A limitation of our study is that, like most other large epidemiological cohorts, it lacks data on lung function after bronchodilator. Thus, we could not determine in what proportion of subjects in the restrictive and obstructive groups the abnormal spirometric pattern was reversible (ie, it would resolve into a normal pattern following administration of a bronchodilator). Also, the possibility that clinical conditions such as heart failure may have developed in some participants over time and, in turn, influenced the likelihood of these subjects to be included in one of the restrictive longitudinal patterns cannot be ruled out. However, this potential limitation would apply to the longitudinal spirometric patterns and, thus, it could not explain the strong link between the restrictive pattern assessed at enrolment and subsequent mortality risk. Finally, differences in the length of follow-up may influence the likelihood of participants to have a recurrent versus inconsistent longitudinal pattern because subjects with longer follow-up have more chances to alternate normal and abnormal lung function tests during the study. To minimise the impact of such a potential artefact, we defined inconsistent and recurrent patterns based on the proportion of follow-up surveys with normal or abnormal lung function tests, a parameter that should be relatively independent of the length of follow-up. Subjects with recurrent restrictive or obstructive longitudinal spirometric patterns had a shorter mean length of follow-up than subjects with a consistently normal pattern (table 2) . However, these differences may be due to the different mortality risk among these groups.
The strengths of our study are the population-based prospective nature of the TESAOD cohort, the extensive phenotypic data and long-term follow-up period, and the exhaustive search for information on vital status of participants.
In summary, our findings indicate that a restrictive spirometric pattern is present in a substantial proportion of the general adult population and that, in most cases, it is not associated with the subsequent development of an obstructive pattern. Subjects with the restrictive pattern show a profile of clinical characteristics and risk factors largely distinct from those of subjects with obstructive lung disease. Most importantly, they carry a significant burden of respiratory symptoms, functional impairment and risk of mortality by comorbidities, even among those with an inconsistent restrictive pattern. Clinical evaluations of potential interventions to reduce the morbidity and mortality burden associated with spirometric restriction are needed.
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